Introduction
============

Glaucoma is the second leading cause of blindness worldwide and the most frequent cause of irreversible blindness.[@b1-opth-10-635] To prevent disease progression and preserve visual function in patients with primary open-angle glaucoma (POAG) or ocular hypertension (OHT), lowering intraocular pressure (IOP) is critical.[@b1-opth-10-635]--[@b3-opth-10-635] With the number of glaucoma patients worldwide expected to reach 79.6 million by 2020, early diagnosis and treatment are imperative to reduce the impact on an individual's quality of life and to reduce the impact on personal and community economic burdens.[@b4-opth-10-635] The main goal of treatment for glaucoma is to lower the IOP with the aim to preserve visual function.[@b1-opth-10-635]

A topical prostaglandin analog (PGA) is recommended as first-line therapy for many patients with glaucoma as PGAs have well established IOP-lowering efficacy, tolerability, and convenient once-daily dosing.[@b5-opth-10-635] In a meta-analysis of eight clinical trials, bimatoprost 0.03% (Lumigan^®^ 0.03%, Allergan, Inc., Irvine, CA, USA) had statistically greater overall ability to lower IOP compared with latanoprost or travoprost, but it was associated with a higher incidence of conjunctival hyperemia.[@b6-opth-10-635] Another meta-analysis that included 32 head-to-head clinical trials that studied PGAs and/or timolol found bimatoprost to have the highest IOP-lowering efficacy.[@b7-opth-10-635] Bimatoprost 0.01% (Lumigan^®^ 0.01%, Allergan, Inc.) was developed with the aim of improving tolerability while maintaining a similar IOP-lowering efficacy to bimato-prost 0.03%.[@b8-opth-10-635],[@b9-opth-10-635] Bimatoprost 0.01% therapy has demonstrated significant IOP-lowering efficacy, good tolerability, and non-inferiority compared with bimatoprost 0.03%.[@b8-opth-10-635],[@b9-opth-10-635]

The objective was to combine and evaluate data from four studies investigating the IOP-lowering ability, tolerability of and patient adherence to bimatoprost 0.01% therapy in real-life clinical practice, either as a monotherapy or concurrently with a beta blocker, in patients with POAG or OHT.

Methods
=======

Study design
------------

This was a combined analysis of four multicenter, prospective, observational studies. A total of 328 sites in four European countries (Austria, Belgium, Switzerland, and the Netherlands) were identified. The protocol and the case report form were distributed to all physicians, but owing to the observational nature of the study and assessing bimatoprost 0.01% in a real-life clinical setting, physicians may have deemed some tests unnecessary for their patients and omitted them, returning incomplete forms. In the interests of integrity and transparency, specific sub-analyses were conducted using data for all patients with complete data (eg, a baseline and final visit measurement when the parameter measured was change in IOP). As a result of this, the populations for each analysis are different from each other and from the entire population included in this combined analysis.

Patients were treated with bimatoprost 0.01% at the discretion of their treating physician and guided by the Summary of Product Characteristics, which recommends the daily administration of one drop of bimatoprost 0.01% to each affected eye.[@b10-opth-10-635] Owing to the observational nature of each study, there was no washout period before commencing bimatoprost 0.01% therapy.

The primary objective of each individual study was to assess the IOP-lowering ability of bimatoprost 0.01% as measured by change in IOP from baseline to final visit (10--14 weeks). The target IOP was defined by physicians on an individual basis. Baseline and end-of-study IOP were determined by a single measure as per the physician's usual clinical practice. The secondary objective was to evaluate the safety, tolerability, and treatment compliance of bimatoprost 0.01% in routine clinical practice. Patients were assessed at baseline and final visit for physicians' evaluation of IOP lowering and tolerability, patient assessment of tolerability, adverse events (AEs), and physicians' assessment of adherence to therapy compared with previous therapy. All data were recorded using the study case report form. At the first visit, additional data for demographics, diagnosis, previous therapies, the reason for prescribing bimatoprost 0.01% (physicians could select more than one reason), and AEs were recorded. AEs and previous therapies were recorded as free-text entries.

Patients
--------

Patients included in each study had a diagnosis of POAG or OHT established by their treating physician and were prescribed bimatoprost 0.01% as monotherapy or concurrently with a beta-blocker therapy. Patients were eligible for inclusion regardless of whether they had received prior IOP-lowering therapy. There were no explicit exclusion criteria, although investigators were guided by the contraindications specified in the Summary of Product Characteristics: hypersensitivity to bimatoprost and any of the excipients, or a previous adverse reaction to benzalkonium chloride.[@b10-opth-10-635] Participants provided informed consent and each study complied with the principles of Good Clinical Practice and the *Declaration of Helsinki*.

Analysis
--------

Data analyses were performed descriptively, including preparation of data listings and summary statistics (extreme values, interquartile ranges, mean and median values, and standard deviations \[SDs\]) or frequency distribution tables, as appropriate. Data from each of the four identically designed studies were combined and pooled for analysis. Only patients with complete data in the subgroup of interest at both study visits were included for the analysis. Data entry and analysis used the statistical software package SAS, version 9.1.3 (SAS Institute Inc., Cary, NC, USA) and proprietary software of Syneed Medidata GmbH (Konstanz, Germany).

Results
=======

All four studies included in this combined analysis took place between April 2010 and March 2013. In total, 2,593 patients were recruited: 419 from Austria (48 sites), 933 from Belgium (117 sites), 387 from Switzerland (79 sites), and 854 from the Netherlands (84 sites). As stated previously, owing to the observational nature of each individual study, data were not available for all patients on every parameter assessed. Sub-analyses were conducted using data for all patients with complete datasets; as such the populations for each were different.

The mean duration of the monitoring period was 12±7.8 weeks per site. The combined study population included slightly more females than males (54.3%) and the mean patient age was 66.7±12.5 years. Mean baseline IOP was 21.2±5.3 mmHg in both eyes, and most patients had a diagnosis of POAG (66.4%) ([Table 1](#t1-opth-10-635){ref-type="table"}). Although POAG predominantly affected both eyes, 6.0% of patients had only their right eye affected, and 5.9% had POAG in their left eye only.

Prior therapy
-------------

Prior to the start of each study, a total of 46.5% (n=1,207) of patients had no previous IOP-lowering treatment. Patients switching from a prior therapy accounted for 53.5% (n=1,386) of the entire study population ([Table 1](#t1-opth-10-635){ref-type="table"}). Most of the patients with a prior therapy had previously received timolol (41.3%) or latanoprost (30.3%). Out of the total study population who switched from a prior therapy, 55.6% of patients switched to bimatoprost 0.01% monotherapy and 44.4% of patients switched to bimatoprost 0.01% plus a beta blocker. Patients instilling two or more therapies prior to commencement on bimatoprost 0.01% accounted for 20.2% (n=280) of the total study population, while 16.9% (n=234) of patients were instilling three or more medications.

The most frequent reasons given by physicians for prescribing bimatoprost 0.01% therapy were insufficient IOP control on prior therapy (31.4%), insufficient tolerability of prior treatment (14.2%), evidence of disease progression (11.3%), and lack of compliance with prior treatment (3.5%) ([Table 1](#t1-opth-10-635){ref-type="table"}).

Effect on IOP
-------------

Baseline mean (±SD) IOP was 21.2±5.3 mmHg (n=2,572) and 21.2±5.2 mmHg (n=2,575) for the right and left eyes, respectively ([Table 1](#t1-opth-10-635){ref-type="table"}). For the subset of patients with complete data for the right eye at first and final visits (n=2,446), the mean (±SD) IOP was 21.2±5.3 mmHg at baseline and this was reduced to 16.2±3.7 mmHg at the final visit, corresponding to a mean reduction of 5.0±4.6 mmHg (23.6%; *P*\<0.0001) ([Figure 1A](#f1-opth-10-635){ref-type="fig"}). For the subset of patients with complete data for the left eye at first and final visits (n=2,460), the mean IOP was 21.3±5.2 mmHg at baseline and was reduced to 16.2±3.8 mmHg at the final visit, corresponding to a mean reduction of 5.0±4.7 mmHg (23.6%; *P*\<0.0001) ([Figure 1A](#f1-opth-10-635){ref-type="fig"}). Full IOP data for the study population and sub-populations can be found in [Table 2](#t2-opth-10-635){ref-type="table"} and [Figure 1A--C](#f1-opth-10-635){ref-type="fig"}.

The target treatment IOP was defined by physicians on an individual patient basis. Physicians rated IOP-lowering efficiency as "IOP lower than target" or "reached target IOP" in 75.5% of patients with complete evaluation data (n=1,909/2,530). For 15.3% (n=388) of patients, IOP decreased but the target IOP was not reached, while IOP did not change or was increased in 9.2% (n=233) of patients.

Patients who switched from a prior therapy to bimatoprost 0.01% monotherapy owing to evidence of disease progression experienced a reduction in IOP at the final visit compared with baseline (6.1±5.2 mmHg in the right eye \[n=254\] and 5.9±5.3 mmHg in the left eye \[n=255\], *P*\<0.0001). Patients who switched to bimatoprost 0.01% monotherapy owing to insufficient IOP control on prior treatment also experienced a statistically significant reduction in IOP (4.3±3.8 mmHg in the right eye \[n=649\] and 4.2±4.0 mmHg in the left eye \[n=651\], *P*\<0.0001), as did those who switched owing to a lack of adherence to (3.5±3.5 mmHg in the right eye \[n=82\] and 3.2±4.5 mmHg in the left eye \[n=83\]) or tolerability problems with their previous therapy (2.3±3.5 mmHg in the right eye \[n=305\] and 2.3±3.7 mmHg in the left eye \[n=308\]) (all *P*\<0.0001).

Tolerability and AEs
--------------------

The majority of patients (2,159/2,593, 83.3%) did not report any AEs during treatment with bimatoprost 0.01%. AEs were recorded for 434 patients (16.7%) and the most common were conjunctival hyperemia (5.2%) and eye irritation (4.7%) ([Table 3](#t3-opth-10-635){ref-type="table"}). Ocular and/or conjunctival hyperemia was reported in \<9.0% of patients without prior therapy. Where evaluation data were available, bimatoprost 0.01% therapy was evaluated as "very good" or "good" by 93.8% of physicians (n=2,456) and 90.1% of patients (n=2,442) at the final visit.

A total of seven patients recorded serious adverse drug reactions across the four studies. One patient had ocular hyperemia and vein disorder, two patients had ocular hyperemia, two patients had nightmares, one patient had eye irritation, and one patient had dry eye disease. None were considered life-threatening and no patients discontinued treatment or left the study. Physicians rated compliance as "better than" or "equal to" previous treatment in 97.2% of patients (n=1,269). Tolerability was rated as "very good" or "good" by 90.1% of patients.

Discussion
==========

This analysis aimed to combine and evaluate the IOP-lowering ability of bimatoprost 0.01% treatment in patients with POAG or OHT in four studies of clinical practice. Over the course of approximately 12 weeks, the study population, patients with no previous treatment, and patients who switched from a prior therapy to bimatoprost 0.01% monotherapy, experienced mean IOP reductions in both eyes of 23.8%, 28.9%, and 16.2%, respectively. Bimatoprost 0.01% therapy was well tolerated and AEs were reported in only a minor proportion of patients who completed the study.

This combined analysis of data from four studies confirms the results of previous open-label, observational studies, demonstrating that bimatoprost 0.01% has good IOP-lowering efficacy and tolerability.[@b8-opth-10-635],[@b9-opth-10-635],[@b11-opth-10-635]--[@b14-opth-10-635] Over 12 weeks in a clinical practice setting, patients with POAG or OHT who were treatment-naïve benefited from an IOP reduction of 30% with bimatoprost 0.01% therapy, with 93% of patients experiencing mild, trace, or no hyperemia.[@b13-opth-10-635] Bimatoprost 0.01% was associated with an additional 10%--15% reduction in IOP and was well tolerated in patients who switched from prior therapy in a real-life clinical setting.[@b11-opth-10-635] In a large observational study comprising \>10,000 patients, bimatoprost 0.01% significantly lowered mean IOP by 4.1 mmHg from a baseline of 20.1±4.5 mmHg in all study patients and by 6.5 mmHg in previously untreated patients.[@b14-opth-10-635] Additional IOP lowering was seen in patients who received prior monotherapy with beta blockers (4.6 mmHg), latanoprost (2.8 mmHg), travoprost (3.1 mmHg), tafluprost (2.8 mmHg), bimatoprost 0.03% (1.0 mmHg), brinzolamide (4.4 mmHg), and dorzolamide (4.2 mmHg).[@b14-opth-10-635] Bimatoprost 0.01% has demonstrated equivalent IOP-lowering efficacy and improved tolerability compared with bimatoprost 0.03%, including less frequent and severe conjunctival hyperemia.[@b8-opth-10-635],[@b12-opth-10-635] The study by Katz et al confirmed that bimatoprost 0.01% is effective and equivalent to bimatoprost 0.03% in lowering IOP over a 12-month treatment period.[@b8-opth-10-635]

In a previous observational study, bimatoprost 0.01% demonstrated superior patient adherence compared with bimatoprost 0.03%.[@b15-opth-10-635] Adherence in the current study was better than or equal to that of the previous therapy in more than 97% of patients who switched from a previous therapy to bimatoprost 0.01%.

The four studies in this combined analysis were all open-label and observational and as such, the data should be interpreted cautiously. Each study relied upon data received from treating physicians and may, therefore, have been influenced by observer bias. Data were recorded at the discretion of the treating physician, and some entries were recorded as free text; as such, errors could have occurred during data collection and interpretation. Most parameters had missing data owing to physicians returning an incomplete panel of results, meaning that there was also the potential for selection bias. Patients were aware of the change in their treatment, which could lead to a Hawthorne effect.[@b16-opth-10-635] The ability to lower IOP from baseline was assessed, rather than comparing the study medication to a control group. The lack of a control group makes it difficult to establish whether a true effect was seen, or if the results were caused by regression to the mean. There was no washout period between any prior therapies and bimatoprost 0.01% therapy, as is usual in clinical practice, which may lead to difficulty in determining whether any IOP-lowering effect was caused by the previous treatment or the bimatoprost 0.01%. The combined analysis approach taken in this study may not account for between-study heterogeneity (ie, differences between countries, sex, and age), which could mean that the reported results were not representative of the diversity of data collected.

The combination of these four studies provided a large amount of data on the IOP-lowering ability and safety of bimatoprost 0.01% in a clinical practice setting. Bimatoprost 0.01% treatment lowered the IOP of most of the treatment-naïve patients and further lowered the IOP of patients on other treatments, apparently irrespective of the type of treatment. Bimatoprost 0.01% was also well tolerated and accepted.

The four observational studies were funded by Allergan Ltd. The authors wish to thank Darwin Healthcare Communications for writing and editorial support, funded by Allergan Ltd.
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![Mean IOP reductions at the final visit in (**A**) all patients; (**B**) patients without prior therapy, patients on a prior monotherapy, and patients on a prior fixed-combination therapy who continued on bimatoprost 0.01% monotherapy; and (**C**) patients switching from prior monotherapies to bimatoprost 0.01% monotherapy.\
**Notes:** ^\*^*P*\<0.0001 and ^\*\*^*P*\<0.0003 comparing IOP from baseline with final visit. Error bars indicate standard deviations. Data from patients with complete data are shown.\
**Abbreviations:** CAI, carbonic anhydrase inhibitor; IOP, intraocular pressure; PGA, prostaglandin analog.](opth-10-635Fig1){#f1-opth-10-635}

###### 

Patients' demographic data at baseline

  Patient characteristics                       Mean ± SD   n       \%[\*](#tfn1-opth-10-635){ref-type="table-fn"}
  --------------------------------------------- ----------- ------- ------------------------------------------------
  Age (years)                                   66.7±12.5   2,495   
  Male                                                      1,169   45.1
  Female                                                    1,407   54.3
  Diagnosis                                                         
   POAG                                                     1,826   66.4
    Both eyes                                               1,428   78.2
    Right eye                                               110     6.0
    Left eye                                                108     5.9
    Not specified                                           180     9.9
   OHT                                                      925     33.6
    Both eyes                                               712     77.0
    Right eye                                               90      9.7
    Left eye                                                65      7.0
    Not specified                                           58      6.3
  Mean IOP at baseline (mmHg)                                       
   Right eye                                    21.2±5.3    2,572   
   Left eye                                     21.2±5.2    2,575   
  Patients on prior therapy                                 1,386   53.5
  Reason to prescribe bimatoprost 0.01%                             
   Insufficient IOP control on prior therapy                917     31.4
   Insufficient tolerability on prior therapy               414     14.2
   Evidence of disease progression                          331     11.3
   Lack of adherence to prior therapy                       101     3.5
   Other                                                    1,157   39.6

**Note:**

Percentages may total more or less than 100% because of missing data or selection of more than one option for some patients.

**Abbreviations:** IOP, intraocular pressure; OHT, ocular hypertension; POAG, primary open-angle glaucoma; SD, standard deviation.

###### 

IOP data for study population and sub-populations

                                                                               Right eye   Left eye                                                                       
  ---------------------------------------------------------------------------- ----------- ---------- ---------- ------- ---------- ------- ---------- ---------- ------- ----------
  Total study population                                                       2,446       21.2±5.3   16.2±3.7   −23.6   \<0.0001   2,460   21.3±5.2   16.2±3.8   −23.9   \<0.0001
  No prior therapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}                 1,119       23.3±5.0   16.6±3.7   −28.8   \<0.0001   1,129   23.2±5.1   16.5±3.8   −28.9   \<0.0001
  Prior therapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}                    737         19.2±4.5   16.0±3.6   −16.7   \<0.0001   738     19.2±4.4   16.2±3.8   −15.6   \<0.0001
  Prior monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}                596         19.2±4.6   15.9±3.3   −17.2   \<0.0001   597     19.3±4.3   16.1±3.5   −16.7   \<0.0001
  Prior FC monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}             95          19.0±4.0   16.3±4.3   −14.2   \<0.0001   95      18.8±4.4   16.3±4.4   −13.3   \<0.0001
  Prior PGA monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}            363         18.7±4.9   15.8±3.6   −15.5   \<0.0001   361     18.6±5.4   15.9±3.5   −14.5   \<0.0001
  Prior latanoprost monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}    186         19.0±4.7   16.0±3.7   −15.8   \<0.0001   185     18.7±4.1   16.0±3.6   −14.4   \<0.0001
  Prior travoprost monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}     99          18.9±5.4   15.7±3.5   −16.9   \<0.0001   98      18.9±5.2   15.7±3.5   −16.9   \<0.0001
  Prior beta-blocker monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}   185         20.1±3.8   16.2±3.0   −19.4   \<0.0001   188     20.5±3.8   16.6±3.5   −19.0   \<0.0001
  Prior CAI monotherapy[\*](#tfn3-opth-10-635){ref-type="table-fn"}            22          19.6±6.3   14.5±2.6   −26.0   \<0.0003   22      19.3±4.3   14.9±3.1   −22.8   \<0.0003

**Notes:**

Patients switching to bimatoprost 0.01 monotherapy. Data from patients with complete data are shown.

**Abbreviations:** CAI, carbonic anhydrase inhibitor; FC, fixed combination; IOP, intraocular pressure; PGA, prostaglandin analog; SD, standard deviation.

###### 

Adverse events experienced by ≥0.5% of patients in the total population (n=2,593)

  Adverse event                   n     \%[\*](#tfn5-opth-10-635){ref-type="table-fn"}
  ------------------------------- ----- ------------------------------------------------
  Conjunctival hyperemia          134   5.2
  Eye irritation                  123   4.7
  Ocular hyperemia                77    3.0
  Eye pruritus                    63    2.4
  Eye pain                        24    0.9
  Blepharal pigmentation          23    0.9
  Increased growth of eyelashes   23    0.9
  Headache                        13    0.5
  Dry eye disease                 12    0.5
  All adverse events              434   16.7

**Note:**

Some patients (n=161) recorded \>1 adverse event.
